Abstract. Brucellosis remains a serious public health issue in developing countries, including China. On August 8, 2013 , four cases of brucellosis from one extended family were reported at Shuyang County, Jiangsu Province, China. Active case finding was performed to identify the source and the risk factors of the infection and to prevent additional cases. Multiple-locus variable number tandem repeat analysis (MLVA) was used for molecular subtyping analysis. Six people from two extended families met the case definition for brucellosis infection; four were blood culture positive for Brucella melitensis biotype 3. Four additional family members were found seropositive by using a serological test. Isolates from the four patients were indistinguishable by MLVA profiling, displaying a unique type for Jiangsu Province. Field epidemiological data combined with MLVA genotyping supported a common source of the isolates from the different patients. We recommend stronger reinforcement measures for animal quarantine practices, enhanced cooperation with veterinary service organizations, and implementation of measures that strengthen public education on brucellosis to prevent further human outbreaks in Jiangsu Province.
Brucellosis is recognized globally as one of the most common zoonotic diseases and accounts for more than 500,000 human cases every year. 1 Humans are infected mainly through contact with infected animals or by consumption of contaminated dairy products. 2 Brucellosis remains a serious public health issue in developing countries, including China. At present, brucellosis is endemic in 30 provinces or autonomous regions in China; the incidence increased substantially from 1.41 per 100,000 population in 2005 to 2.7 per 100,000 population in 2009. 3 The major epidemic species in China is Brucella melitensis. 4 With an incidence of 0.01 per 100,000 population, Jiangsu Province is one of the lowest incidence areas of brucellosis in eastern China. 3 On August 8, 2013, clinicians at the First Affiliated Hospital of Nanjing Medical University in Nanjing, Jiangsu Province, reported to Jiangsu Provincial Center for Disease Control and Prevention that four patients from the same family had contracted brucellosis. An investigation was initiated to determine the extent of spread, source of infection, and possible mechanisms of pathogen introduction into this area.
The four family members are residents of Shuyang County, located in the north of Jiangsu (Figure 1) , where no cases of brucellosis have previously been reported. Active case finding was conducted by searching local hospital records and outpatient clinical files, and by interviewing brucellosis cases, family members, and neighbors dwelling in the same villages. Information about demography, clinical symptoms, possession of or contact with animals, participation in common meals, consumption of dairy products, or traveling to brucellosisendemic areas was collected at the same time. The study was approved by the Ethics Committee of the Jiangsu Center for Disease Control and Prevention (CDC). Informed consent was voluntarily obtained from all participants.
We defined confirmed cases as any resident displaying positive by serum agglutination test (SAT) (Brucella agglutination titer greater than or equal to 1:160) or blood culture and at least one of the following symptoms: fever, night sweats, arthralgia, malaise, and headache. In total, six brucellosis cases from two families were identified in Shuyang County from January 1 to August 15, 2013. Five cases came from one extended family referred to as "family A" ( Table 1 ). The remaining cases came from a family referred to as "family B." Details of the six patients at presentation were described below. FAMILY A Case 1 (Table 1) , a 31-year-old male considered the index case became ill on March 5, 2013 suffering from symptoms including fever, severe arthralgia, and sweating. Case 2, the index case's 52-year-old father became ill on April 16, was admitted with fever, shoulder and back pain, nausea, and chills. Case 3, a 25-year-old male who lived in an urban area in Shuyang County and was a relative of Case 1. Symptoms including fever and weakness were reported beginning on June 20. On July 20, another relative of Case 1, his motherin-law (Case 4) presented to the hospital complaining of fever and body ache. Case 5, Case 1's 25-year-old wife, developed a fever on August 12.
FAMILY B
A 40-year-old male (Case 8) was a civil servant. He became ill on June 13 with fever, night sweats, and weakness.
Brucella isolates were recovered from blood samples collected from four cases (Cases 1, 2, 3, and 5 was isolated from blood and identified using a biochemical assay. Unfortunately, the isolate was lost during processing.
Serum samples from 69 persons including 16 family members and 53 neighbors were collected for Brucella serological screening by SAT. 7 Blood specimens of 20 local villagers in Shuyang County who reared goats were also collected. Two members of family A, a brother and a sister-in-law of Case 1, had positive SAT titers (Cases 6 and 7) ( Table 1 ). The father and mother of Case 8 also had positive SAT titers (Cases 9 and 10). Among the 53 neighbors and 20 local villagers, no one was seropositive.
A retrospective cohort study was conducted to identify risk factors for Brucella infection among a group of brucellosis patients from two extended families and their family members. In family A, Case 1 raised a herd of goats purchased from family B. Among these goats, pregnant females experienced abortions very soon after purchase. The goats were raised in captivity near Case 1's parents and his brother's homes before March of 2013. During this period, Case 1's parents and brother helped care for the goats and his father (Case 2) also had direct contact with the aborted fetuses. His cousin (Case 3), who resides primarily in an urban area in Shuyang, visited his parents once and was only occasionally exposed to the goats but without direct contact. However, the goats were moved to a shed nearby Case 3's house; subsequently, the goats were mainly raised by himself and his wife (Case 5). His mother-in-law (Case 4) who lived in another village had helped him take care of the goats for about 1 week when he was ill and in hospital. With respect of Family B, Case 8's parents were goat traders. Case 8 only had occasional exposures to his parents' goats without direct contact. The goats his parents sold to Case 1 originated from Shandong province with a higher incidence of brucellosis on the north of Jiangsu province (Figure 1) , and had been raised mainly by his parents and brother. Before the onset of illness, all the family members from Family A and Family B denied having consumed lamb or goat's milk, or having traveled to brucellosis-endemic areas. The attack rate of Family A (77.8%) was much higher than that of Family B (23.1%) , and the RR for direct contact with aborted fetuses was 6.0 (95% CI = 1.7-21.3).
Multiple-locus variable number tandem repeat analysis (MLVA) was performed to study the genetic relationship of isolates recovered from cases according to a proposed international scheme. 8, 9 Sixteen microsatellite loci divided into three groups, eight loci in panel 1, three loci in panel 2A, and five loci in panel 2B, are used for the analysis. All four isolates recovered in this outbreak were identified as the same genotype: type 42 (1-5-3-13-2-2-3-2) in panel 1; this type has been included in the previously recognized "East Mediterranean" group. Genotype 42 in panel 1 and type 41 (4-20-8) in panel 2A are recognized as the major genotypes in Jiangsu, and are also widely distributed throughout China. 10 However, type (7-5-3-4-4) in panel 2B is a unique genotype never before reported in China, but is the same type as that of BRU-S125 B. melitensis recovered from a person in Turkey. 11 By combining panel1, 2A, and 2B markers, the four isolates were indistinguishable to one another but different from the genotypes of other Jiangsu isolates ( Figure 2) .
Collectively, B. melitensis biotype 3 was the causative pathogen of this outbreak, and its transmission was attributed to contact with imported infected goats. MLVA genotyping results provided evidence that four human cases may be infected from a common source. Together with the epidemiological investigation, our evidence indicated the link between the four human cases and the herd of imported goats. In con-clusion, our results provide evidence supporting the usefulness of genotyping for epidemiological investigation.
Based on our findings, we recommend that promoting several public health measures to prevent brucellosis in the community. These include educating residents about Brucella infections, routes of transmission, and the main clinical manifestations of brucellosis as well as basic preventive measures for brucellosis. Screening animals sold commercially for brucellosis and vaccination of animals should be strengthened in this county. Reinforcing supervision of animal quarantine regulations, cooperating with veterinary authorities, and strengthening measures increasing knowledge for the prevention of brucellosis among people in non-epidemic areas were also suggested.
In this outbreak, support by local veterinarians was critical for epidemiological investigation. It is important for the local and provincial CDC staff to work collaboratively with veterinary counterparts in a "One Health" framework to control and prevent human brucellosis in epidemic areas, as well as other zoonotic disease challenges. 12 Effective collaboration among different agencies will help to rapidly identify and remove potential sources of outbreaks.
One major limitation of the investigation was despite the epidemiological evidence that strongly supported the goats as the source of the outbreak, no specimen from the goats was available for Brucella testing, and the Brucella isolate recovered from Case 8 in Family B was inadvertently destroyed. These setbacks hampered the microbiological confirmation of the apparent epidemiological association between two families. 
